CGEOPHYSI CAL MODEL OF CARBONATI TES

COX AND SINGER MCDEL NO. 10 Conpiler - D.B. Hoover
Geophysical ly related nodels-No. 12,
D anond pipes; No. 29b, dynpic Dam

A Geol ogic Setting . .
*Al kal ine volcanic and sub-vol canic conpl exes enplaced along major zones of

crustal weakness within continental, comonly Precanbrian, crust (Garson,
.1984)

ZSyezlite and carbonate nagmas enplaced as intrusions or ring dikes, cone
sheets, dikes and plugs within conplex alkaline volcanic centers. (ften
_associated with mafic and ultramafic units.

ZComodities include REE, apatite, magnetite, No, Cu, Th, U, Zr, Ti, N, Sr,
V, fluorite, line, and vermculite.

B. Geologic Environnent Definition

Regional magnetic, gravity, Radioelement, and renpte sensing surveys nmay
identify deep-seated fault systems, expressed as lineaments, within stable
continental crust. The East African Rift, and St. Lawence River fault system
are exanples (Rae, 1986; Paarnm, and Talvitie, 1972).

I ndi vidual intrusive or volcanic centers show as circular to elliptical
bodies in remote sensing inmages, and on megnetic, gravity, and Radioel ement naps.
On magnetic, gravity, and Radioelement maps the centers typically show as |arge
anplitude, very conplex highs, reflecting the variety of lithol ogies and
alteration effects present. Fenitization of country rock up to 1-2 kmfrom
intrusive, is often expressed as a high-potassium hal o. Phosphate and potassium
enrichnent in conpl exes can be expressed in renote sensing inmages by enhanced
vegetation (Cole, 1982; Dawson, 1974; Ranberg, 1973; Saterly, 1970; Vorob’yev,
and others, 1977).

C. Deposit Definition

Geophysi cal expression is highly variable dependent on the commodity,
carbonatite type, extent of post-enplacenent alteration, and adjacent lithol ogies
both within the alkaline conplex and of the host rock. No general rules can be
gi ven. In sone cases there can be direct expression as for magnetite, niobium
uranium and apatite mineralization expressed as magnetic or Radioel ement highs.
In other cases magnetic, gravity, and radioelenment data are used to define
i ndividual lithologies or structures. G ound geophysics appears to have had
little use in direct dePosi.t exploration. This probably reflects the variety of
conmodities, and lithol ogies present, rather than any inherent problemwth
met hods. In some cases electrical nmethods should be relevant to deposit
definition, such as where hydrothermal alteration is present giving |ower
resistivity. Where magnetite and dissenminated sul fides are present, then |IP
met hods woul d be useful (Gold and others, 1967; Secher, and Thorning, 1982).

D. Size and Shape of Shape Average Size/ Range
Al kal ine center cylinder or cone, oval <10 km di am
to circular in cross
section
Deposi t highly variable, my 21x10°/ 5. 7x10° 7999x10° mi

be tabular, cylindrical
or irregular

Al teration hal oe irregul ar, about deposit Fenitization may extend
concentric to al kaline 2 km beyond al kal i ne
center cent er **
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E.  Physical Properties Deposit Alteration Al kal ine Conpl ex Host

(units)
Calcitic, Fenitization Intrusive/volcanic Cont i nent al
dolomtic or center, often with  crust
ankeritic mafic and ultramafic
carbonatites units

1. Density 2.79-3.41° ? 2.79-3.417 '

(gncc)
2. Porosity variabl e | ow? variabl e '
3. Susceptibility highly variable medium variable, high on *
< vol canic aver age
conpl ex

4, Remanence variabl e, gen. ? vari abl e, *
| ow

5. Resistivity high in mssive ? medi um to hi gh, *
units? nmedium in low cap in tropics
brecci a?

6. |P Effect nmedi un®?, variable |ow nmediun? highly variable, *
1-2% sul fide™ + reflects magnetite
magnetite give and dissemnated
tar get sul fide distribution

7. Seismic Velocity medi um hi gh? hi gh? hi gh? *

8. Radioel ements

K (% highly variable hi gh, high to very high *
0- 10 generally  3-IOx backgr oundg‘“”
> background internally-highly
variabl e
U highly variable lowto ! *
(ppm) to 100's™ nedi un?
Th (ppm) " " " '
9. Qher
heat - f | ow ? ? may be double *

regional due to
Radi oel enent
cont ent

F. Renpte Sensing Characteristics

Visible and near |R--Lineanents reflecting nmjor zones of crustal
weakness (Garson, 1984); arcuate patterns reflecting volcanic centers
(Theilen-WIlige, 1981), radial or annular drainage patterns. Enhanced
vegetation over K and P-rich carbonatites (Cole, 1982). Spectral
identification of CQ, REE, and ferrous iron in conbination unique to
carbonatites (Rowan and others, 1986). The close spatial association of
carbonate and alkalic rocks may be indicative.

Thermal |R--Airborne thernal inmaging can identify carbonatite conplex
reflected in variation of fracture pattern and residual soils (Talvitie and
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others, 1981). The paupacity of quartz and dom nant feldspar and mafic
mnerals may be identifiable.

G Comments

H gh density mafic and carbonate rock units generally produce a gravity
anomaly of a few to 10's of ngals over alkaline conplex. Magnetite in
conpl exes can exceed 50% in sonme carbonatites, and is often Ti-rich. There is
very little public literature relating to electrical or seisnic nethods
applied to these deposits. However, the presence of nagnetite, and commonly
1-2% di ssem nated sulfide (Stockford, 1972) in many deposits suggests that
IP could be a useful tool. No IP surveys are known in such deposits. In
tropical regions the weathering of mafic units within an alkaline conplex
should produce a low resistivity cap (Palacky, 1986) detectable by airborne EM
techni ques. Mdst Radioelement literature does not give results from a

calibrated system thus providing few quantitative estimtes. In tropical
regions potassium and especially uranium will be |eached from the surface, but
thorium can be concentrated (Issler, 1976). In these regions thorium provides

the best radi oel enment indicator.
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Figures A and B. Aeronagnetic maps of the Shenango and Firesand R ver
carbonatite conpl exes, Ontario, Canada, adapted from Satterly (1970).
The nmagnetic features are about three niles across. Note the central
lowin the Firesand R ver nap that Satterly (1970) reports is seen in
sinple carbonatite conplexes. C A total-count airborne gamma-ray map
of the Cka conpl ex, Quebec, Canada, adapted from Gold and others (1966).
Areas of high counts are 4 to 5 times background. D. Residual gravity
map of the Fen conpl ex, Norway, adapted from Ranberg (1973). The 23
ngal -anonmal y can be nodel ed by a 15 km hi gh vertical cylinder having a
density contrast of 0.48 grans per cubic centineter.
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